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[57] ABSTRACT

A method of manufacturing a semiconductor integrated
circuit of the BI-MOS type on a common semiconduc-
tor substrate comprising forming an oxide film by ther-
mal oxidation to isolate the elements and a base layer of
one conductivity type by a surrounding dielectric fol-
lowed by removing the oxide film from emitter and
collector electrode extending regions. A silicon film of
a second conductivity type 1s formed by patterning and
used to form an emitter layer and a collector extending
layer by differing impurities from the silicon film. Pat-
terning 1s then employed to form gate, emitter and col-
lector electrodes. Finally, the mask for the silicon film is
used to form a base electrode extending layer, a source
layer and a drain layer of the first conductivity type and
of high impurity density.

6 Claims, 16 Drawing Figures
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METHOD OF MANUFACTURING
SEMICONDUCTOR INTEGRATED CIRCUIT
BI-MOS DEVICE

This 1s a division of application Ser. No. 348,541, filed
Feb. 12, 1982, now U.S. Pat. No. 4,445,268

BACKGROUND OF THE INVENTION

This invention relates to a method of manufacturing a
semiconductor integrated circuit device, and more par-
ticularly, to a method of manufacturing a so-called
“BI-MOS” integrated circuit device in which both a
MOS element and a bipolar element are formed on one
and the same chip.

In general, bipolar elements are high in drive capacity
per chip area, and can process analog data with high
accuracy. However, bipolar elements also have a rela-
tively low degree of integration, and low input imped-
ances. On the other hand, among the features of MOS
elements are high input impedances and a large degree
of integration. Accordingly, 1t 1s advantageous to form
a MOS element on a chip which essentially includes a
bipolar element, such that the above-described draw-
backs of the bipolar elements are neutralized. One typi-
cal example in the prior art of such a device 15 a so-
called “MOS top operational amphfier” in which a
MOS element is formed in the input stage of the bipolar
element. In such BI-MOS integrated circuit devices, an
npn transistor is employed as the bipolar element, and a
p-channel MOS transistor 1s employed as the MOS
element. A conventional method of manufacturing such
a BI-MOS integrated circuit will now be described in
further detail, with reference to FIG. 1.

As shown in FIG. 1(A), after layers 2 of n-type high
impurity concentration are formed on a p-type silicon
substrate 1, an epitaxial layer 3 of n-type low impurity
concentration 1s grown onto the layers 2 and the sub-
strate (1). Then, as shown in FIG. 1(B), oxidation is
selectively carried out with an oxidation resisting film 4
such as a nitride operating as a mask, so that thick oxide
films S are formed which electrically isolate the element
forming regions 3a and 3b 1n the epitaxial layer 3 from
each other.

In FIG. 1(C), the nitride film 4 is then removed, and
an oxide film 6 is formed as a protective film for im-
planting 10ns. A photo-resist film 7 is formed, and boron
ions are implanted into the semiconductor surface
through the oxide film 6 with the photo-resist film 7
serving as a mask. The photo-resist film 7 is removed,
and the boron ions are subjected to driving diffusion by
heat treatment, such that a p-type base layer 8, a source
layer 9, a drain layer 10 and a diffusion resistor (not
shown) are formed in the epitaxial layer 3. Then, as
shown in FIG. 1{D), a collector contact n4 layer 11
and an emitter n+4 layer 12, which are both of n-type
high impurity concentration are formed by ion implan-
tation or gas diffusion. Next, as in FIG. 1(E), an oxide
film 13 such as a phospho-silicate-glass film 1s deposited.
The parts of the oxide film 13 and 6 where a gate should
be formed are then removed, and a gate oxide film 14 is
formed therein. Finally, as shown in FIG. 1(F), after
windows are opened in the oxide film 13 and 6 to pro-
vide the electrodes, a base electrode 15, an emitter elec-
trode 16, a collector electrode 17, a source electrode 18,
a gate electrode 19, and a drain electrode 20 are formed

along with the various other necessary connecting
wires (not shown).
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In general, when manufacturing a BI-MOS inte-
grated circuit device, it 1s essential to control the char- -
acteristic parameters of each element with high accu-
racy. Among the characteristic parameters which must
be thus controlled are: |

(1) the junction breakdown voltage of each element,

(2) the current amplification factor (hgg) of the npn

transistor, and/or the current amplification factor (hfrg)
of the pnp transistor,

(3) the threshold voltage (Vth) of the p-channel MOS
transistor, and

(4) the resistance (R) of the diffusion resistor.

In the process above-described as shown in FIGS.
1(A)-1(F), after the n+ emitter diffusion has been ac-
complished, a high temperature heat treatment is car-
ried out to form the gate oxide film. By virtue of this
subsequent heat treatment, the n+4 layer as diffused i1s
distributed again; that is, the n4 layer diffuses further
into the p+ layer. Accordingly, it 1s very difficult to
control the hgg of the npn transistor in the bipolar cir-
cutt with high accuracy. This is the most serious prob-
lem involved in manufacturing a BI-MOS integrated
circuit.

In order to overcome this difficulty, the hrg of the
npn transistor has been controlled highly accurately in
the prior art by the following methods:

(a) Merely accounting for the variation of hgg due to
the subsequent heat treatment by allowing the n+ layer

to only diffuse so far;

(b) In the n+ emitter diffusion, only allowing the n+
deposition to be carried out; that is, the n+4 layer is
merely deposited, without being allowed to diffuse into
the p+ layer. After all the heat treatment required for
forming the MOS gate oxide film is carried out, the heat
treatment for the n+ layer i1s then carried out in an inert
atmosphere; and

(c) forming the gate oxide film of the MOS element at
low temperature, after the n+ emitter diffusion.

These methods, while achieving high control of hgg,
present drawbacks of their own. For instance, in
method (a), since the heat treatment carried out thereaf-

ter typically greatly fluctuates, it is difficult to estimate
the amount of variations of hge with high reproducibil-

ity. In method (b), during the subsequent heat treatment
with inert gas, Vth of the MOS element becomes unsta-
ble. Finally, in method (c), it 1s difficult to accurately
control the levels of the silicon substrate and the gate

oxide film of the MOS element, again producing insta-
bilities in Vth of the MOS element.

SUMMARY OF THE INVENTION

Accordingly, the present invention i1s designed to
eliminate the above-described difficulties in the control
of the parameters hgrg and Vth. More specifically, an
object of the present invention is to provide a method of
manufacturing a semiconductor integrated circuit de-
vice, in which the gate oxide film is formed before the
emitter layer, thereby eliminating a factor by which the
parameter Vth 1s made unstable as well as improving
the overall control of the parameter hrg.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(A)-1(F) are sectional views of the various
manufacturing steps of a conventional method of manu-
facturing a BI-MOS integrated circuit device;

FIGS. 2(A)-2(E) are sectional views of the various
manufacturing steps in the first embodiment of the
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method of manufacturing a semiconductor mtegrated
circuit device according to the present mvention;

FIG. 3 is a top view of the MOS transistor in BI-MOS
device produced by the conventional method of manu-
facture;

FIG. 4 is a top view of the BI-MOS device produced
by either of the embodiments of the method of manufac-
ture according to the present invention; and

FIGS. 5(A)-5(C) are sectional views showing vari-
ous manufacturing steps in a second embodiment of the
method according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 2(A)-2(E) show a first embodiment of the
method of manufacturing a semiconductor integrated
circuit device according to the present invention. First,
according to a method similar to the conventional
method as previously described with reference to FIG.
1, buried layers 2 and an epitaxial layer 3 are formed.
Then, as shown in FIG. 2(A), a thick oxide film 5 is
formed, by an oxidation resisting mask such as a silicon
nitride film, which isolates the element forming regions
3a and 3b of the epitaxial layer 3. Simultaneously, an
oxide film 5a is formed which surrounds the base region
forming portion 3al of the bipolar transistor and 1solates
the portion 3al from a collector contact forming por-
tion 3a2. The oxidation resisting mask 1s then removed,
a thin oxide film 6 is formed, and a p-type base layer 8
is formed according to a conventional selective diffu-
sion method such as an ion implanting method. At this
point, channel doping ion implantation is carried out, if
necessary. Furthermore, if necessary, the oxide film 6 1s
removed and an oxide film 14 for a MOS gate 1s newly
formed by thermal oxidation.

Thereafter, as shown in FIG. 2(B), the regions of the
oxide film 14 where emitter and collector electrodes are
to be provided, are removed by a conventional photo-
mechanical process or etching technique, and a silicon
film 21 containing n-type impurities is formed. The

silicon film 21 may comprise of poly crystalline silicon,

an epitaxial growth silicon or a porous silicon. The

n-type impurities may be either doped during or dif-

fused after, the silicon film formation. Then, as shown 1n
FIG. 2(C), a photoresist film 22 is formed by photoli-
thography, and the silicon fiim 21 1s etched with the
photoresist film 22 as a mask, such that an emitter elec-
trode region 21a, a collector electrode region 216 and a
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gate electrode region 21c¢ are formed. P-type impurities

are also implanted with the photoresist film 22 as a
mask, such that a base electrode extending layer 8q, a

source 9¢ and a drain 10a are formed.
Thereafter, as in FIG. 2(D), both an emitter layer 12

of n-type high impurity density and a collector elec-

trode extending layer 11 are formed by annealing treat-
ment (with the silicon films 21 and 216 acting as diftu-
sion sources) and a phospho-silicate-glass film 13 1s
deposited as a passivation film.

Finally, as shown in FIG. 2(E), windows are out into
the phospho-silicate-glass film 13 and the oxide film 14
to provide contacts for the base layer 8, the source layer
9a, the drain layer 104q, and the poly-crystalline silicon
film 21. Aluminum electrodes 15, 17, 18 and 20 as well
as wiring layers (not shown) are then formed.

By surrounding the base with the oxide film, the
source and drain of the MOS transistor are formed 1n a
self-alignment mode with the mask which is used to

form the poly-crystalline silicon film pattern. There-
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fore, the area which is occupied by the self-alignment
poly-crystalline silicon gate MOS transistor according
to the present invention, i.e., the area bounded by A2 in
FIG. 4 (which is a top view of FIG. 2(E)) 1s approxi-
mately 68% of the area occupied by the conventional
aluminum gate MOS transistor, i.e., the area bounded
by Al in FIG. 3 (which is a top view of FIG. I(E)).

FIG. 5(A) -(C) show a second embodiment of the
method of manufacturing a semiconductor integrated
circuit device according to the present invention. First,
similarly as in the conventional method described with
reference to FIG. 1, a base layer 8, a source layer 9 and
a drain layer 10 are formed. Then, as shown in FIG.
5(A), the channel of the MOS element is subjected to
doping implantation for control of the threshold voltage
(Vth), as necessary. Windows are then created by either .
conventional photomechanical processes or conven-
tional etching techniques in the portions of the oxide
film 6 where emitter and collector diffusion 1s to be
carried out. A silicon film 21 is then deposited on the
entire surface, and the oxide film beneath the siicon
film 21 is used as the gate oxide film of the MOS ele-
ment. This being the case, it i1s preferable to use a
method in which, after ion implantation, the oxide film
6 can be removed and a clean gate oxide film be newly
formed. A poly-crystalline silicon, an epitaxial growth
silicon or a porous stlicon may be employed as the
aforementioned silicon film 21. Next, the poly-crystal-
line silicon film 21 is subjected to an n-type high impu-
rity density diffusion, and with this treated silicon film
21 as a diffusion source, both an emitter layer 12 and a
collector electrode extending layer 11 are formed. as
shown in FIG. 5(B). Thereafter, the poly-crystalline
silicon film 21 is patterned by either conventional pho-
tomechanical processes or conventional etching tech-
niques to form a gate electrode 21¢, a collector elec-
trode 215 and an emitter electrode 21a. A phosphorous
glass film 13 is then deposited thereto, and as shown in
FIG. 5(C), windows are cut into both the phospho-sili-
cate-glass film 13 and the oxide film 6 to prowide
contacts for the base 8, the source 9, the drain 10, and
the poly-crystalline silicon film 21, and aluminum elec-
trodes 15, 18, 20 and 17 and other wiring (not shown)
are then formed.

The method of the present invention has been de-
scribed with reference to the isolation of elements with
an oxide film, however, it is to be understood that the
technical concepts of the invention are equally applica-
ble to the isolation of elements with a (p+) (n) junction.

As was described above, in the second embodiment
of the method of manufacturing a semiconductor inte-
grated circuit device according to the present nven-
tion, after the gate oxide film s formed, an emitter diffu-
sion window is opened, and the poly-crystalline silicon
film of n-type high impurity concentration is used as
both a diffusion for the formation of the emitter througn
diffusion and a source of formation of the gate eiec-
trode. In the use of this method, it 1s unnecessary to
carry out heat treatment at high temperature (such as
gate oxidation after the emuitter diffusion) such that the
parameter hgg of the bipolar transistor can be deter-
mined with high accuracy. Further, this lack ot heat
treatment eliminates the instabilities 1in the threshold
voltage (Vth), further improving the control of the
parameter hgg. In addition, since the electrode ieads
comprise poly-crystalline silicon, they are of greater
resistivity than conventional leads, thereby increasing
the mput impedance of the device. Therefore, the



4,486,942

S

method of the present invention results in a BI-MOS

device which has a high degree of integration, high’

reliability in its key parameters, and high input impe-
dance. Such a device is of great commercial utility, in
that it combines the beneficial qualities of conventional
bipolar and MOS devices while eliminating the draw-
backs inherent in such bipolar devices.

Modifications of this invention will be apparent to
those of working skill without departing from the essen-
tial scope of this invention.

I claim:

I. A method of manufacturing a BI-MOS semicon-
ductor integrated device comprising:

masking an epitaxial layer of a silicon substrate:;

selectively oxidizing said epitaxial layer to form a first

oxide film whereby element forming regions are
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defined and electrically isolated from one another 20

in a pattern as defined by said masking;

diffusing an impurity of a first dopant type into one of
said element forming regions, forming a base of
said first dopant type;

torming a second oxide film onto said epitaxial layer:

removing sald second oxide film at predetermined
points corresponding with points of emitter and
collector electrode contact with outside electrical
leads:

forming a silicon film of a second dopant type onto
said epitaxial layer: |
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6

masking and etching said silicon film, whereby emit-
ter, collector and gate electrodes are formed of said
second dopant type;

diffusing impurities of said first dopant type 1nto un-

masked portions of said epitaxial layer, whereby
base contact source and drain layers are formed
which are of said first dopant type:;

annealing said epitaxial layer, whereby said emitter

and collector electrodes diffuse into said element
forming regions beneath them; and

providing insulation and electrical contact means to

electrically address said element forming regions.

2. The method of manufacturing a BI-MOS semicon-
ductor integrated device of claim 1, wherein said first
oxide films are disposed within said epitaxial layer such
that a base forming region is electrically isolated from a
collector forming region.

3. The method of manufacturing a BI-MOS semicon-
ductor integrated device of claim 1, wherein said re-
moving of said second oxide film is done by photome-
chanical processes or etching techniques.

4. The method of manufacturing a BI-MOS semicon-
ductor integrated device of claim 1, wherein said silicon
film comprises poly-crystalline silicon, epitaxial growth
stlicon or porous silicon.

5. The method of manufacturing a BI-MOS semicon-
ductor integrated device of claim 1, wherein said insula-
tion comprises phospho-silicate-glass.

6. The method of manufacturing a BI-MOS semicon-
ductor mntegrated device of claim 1, wherein said first
dopant type is one type, and said second dopant type is

the opposite type, respectively.
* *x ¥ % *
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